Objective. To investigate the trends and regional patterns in mortality from oral cancer and pharyngeal cancer in Brazil from
tical Classification of Diseases and Related
Health Problems (ICD-10)) in 2003, for a rate of 1.83 per 100 000 persons (5, 6) .
Brazil has 26 states and one federal district, and those jurisdictions are officially apportioned into five regions: Southeast, South, North, Northeast, and Center-West. The South and the Southeast have higher incidence and mortality rates from oral cancer and pharyngeal cancer than do the three other regions (7) .
In Brazil no studies have investigated mortality trends for the country as a whole for oral cancer and pharyngeal cancer by specific anatomical site, nor are there studies that have looked at historical trends in the mortality rate for pharyngeal cancer.
This study had two major objectives: (1) to analyze the time trends for mortality due to oral cancer and pharyngeal cancer in Brazil by specific anatomical site between 1979 and 2002 and (2) to analyze the patterns in the mortality rates in the five regions of the country.
MATERIALS AND METHODS

The regions of Brazil
Of Brazil's five regions, the Southeast is the most industrialized, and it includes two major urban areas, Rio de Janeiro and São Paulo. The CenterWest is the second most urbanized region in Brazil. The Center-West social and economic indicators are generally better than those of the North and Northeast, and below those of the South and Southeast. The Northeast is the poorest region economically, and it has the highest infant mortality and illiteracy rates. The North is the largest region in terms of territory, and it has the second worst social and health indicators. The South has the best social indicators, the longest life expectancy (70.8 years in 1999), and the lowest level of illiteracy (8) .
Data sources
In Brazil the classification of underlying causes of death used the 9th revision of the International Classification of Diseases (ICD-9) from 1979 to 1995; beginning in 1996, ICD-10 was used. The data assessed in this article include deaths resulting from oral cancer (ICD-9 codes 140.0-145.9; ICD-10 codes C00.0-C8.9) and from pharyngeal cancer (ICD-9 codes 146.0-149.9; ICD-10 codes C09-C14.8) between 1979 and 2002. Table 1 shows the correspondence of the codes used in the two ICD revisions for the assessment of oral cancer and pharyngeal cancer, according to the subsite of origin of the tumor (9) .
The data on oral cancer and on pharyngeal cancer were obtained from the Mortality Information System (Sistema de Informações sobre Mortalidade) database, which is compiled by the Ministry of Health of Brazil (10) . The number of inhabitants per region by gender and age was obtained from the Web site of the Health Information Department of the Brazilian Ministry of Health (Departamento de Informação e Informática do Sistema Único de Saúde, or DATASUS) (11) . These statistics are derived from the censuses conducted in Brazil in 1980, 1991, and 2000, and from a population count conducted in 1996. (It was discovered that the census conducted in 1991 had had methodological problems. Therefore, the Government decided to carry out a new population count, which differed from the traditional census in that information related to economic production, housing, and other socioeconomic variables was not collected.)
Statistical analysis
For the country as a whole, we investigated mortality trends for each anatomical site (Table 1) . We also analyzed variations in mortality between males and females and among the different regions of the country, as specified above. Deaths were classified into two categories, oral and pharyngeal, in order to ensure a sufficient number of cases per region and consequent greater data stability. Deaths were also classified and analyzed in order to test the hypothesis of the existence of two distinct mortality trend patterns for oral cancer and pharyngeal cancer in Brazil, with one pattern in the South and the Southeast and another in the North, Northeast, and Center-West.
The mortality rates (the number of deaths from oral and pharyngeal can- cer per 100 000 inhabitants) were standardized by gender and age (every 5 years up to age 75 years and older) through the direct method, using as a standard the Brazilian male population in the year 2002 (11) . This was done in order to avoid any interference in the analysis resulting from recent changes in the age profile of the Brazilian population, and in the regions specifically.
Trend estimation followed methodological indications presented by Antunes et al. (12) . The Prais-Winsten generalized linear regression procedure was used to calculate the annual increase or decrease in mortality rates, thus allowing for the correction of firstdegree autocorrelation in the timeseries analysis. This procedure allowed us to classify mortality rates as increasing, decreasing, or stable, as well as to quantify the mean annual increase or decrease in the measure, and its respective 95% confidence interval (CI). The mortality rates were considered as increasing when the regression coefficient was positive, and as decreasing when the coefficient was negative. Rates were considered as stable when the regression coefficient was not significantly different from zero (P > 0.05). Statistical analysis was carried out using SPSS software version 8.0 (SPSS Inc., Chicago, Illinois, United States).
The visual presentation of time series trends in graphical form is often hampered by the roughness of the resulting frequency polygon. This is caused by random variation, which, in addition to the trend, appears in the time series. In order to prevent this effect from hindering the visual assessment of trends, the graphs presented in this article are smoothed using a thirdorder moving average process (13) .
RESULTS
Between 1979 and 2002, there were 38 263 deaths from oral cancer and 40 314 deaths from pharyngeal cancer in Brazil. This corresponds, respectively, to 1.80% and 1.89% of total deaths due to neoplasia in this period. The ratio between the male and female mortality rates was 4:1 for oral cancer and 6:1 for pharyngeal cancer. Figure 1 shows the proportional distribution, by anatomical site, of the deaths from oral cancer and pharyngeal cancer. Ill-defined or unspecified locations accounted for more than onequarter of the deaths (27.61%), followed by the tongue (21.27%) and the oropharynx (20.79%).
When all sites were classified into two groups, mouth and pharynx, we found a stable pattern in the mortality rates for oral cancer for both genders (P = 0.38 for males and P = 0.45 for females for the regression coefficient being significantly different from zero). In contrast, the rate of mortality from pharyngeal cancer for males rose from 1.78 per 100 000 in 1979 to 2.70 per 100 000 in 2002, representing a mean annual increase of 2.02% (P < 0.01). For females, the rates per 100 000 went from 0.27 in 1979 to 0.42 in 2002, a mean annual increase of 1.95% (P < 0.01) (Figure 2 ).
Throughout the period studied, the South and Southeast regions showed the highest mortality rates for both oral cancer and pharyngeal cancer ( Figure 3 ). There was an upward trend in the mortality rate for oral cancer in the South, with a mean increase of 0.29% annually (95% CI, 0.07%-0.51%), and in the Northeast, of 1.42% annually (95% CI, 0.37%-2.48%). Mortality from oral cancer in the three other regions remained stable. Pharyngeal cancer increased at a mean annual rate of 3.69% (95% CI, 2.84%-4.55%) in the Center-West region.
When the five regions were divided into two groups, the southern area (the South and Southeast regions) and the northern area (the North, Northeast, and Center-West regions), we found a stability in oral cancer among females. There was a mean annual increase of 1.2% (P = 0.02) for males in the northern area. For pharyngeal cancer in both areas, the mortality rates rose (P < 0.02). However, while the mean annual increase in the southern area was 1.40% (95% CI, 0.99%-1.80%), in the northern area it was 4.10% (95% CI, 3.55%-4.67%). Table 2 shows the total number of deaths, the mean mortality rate, and the mortality trend for each specific anatomical site. Most of the anatomical sites had statistically significant reductions during the period, with the largest declines being with the lips and the gums. In contrast, the oropharynx, hypopharynx, and ill-defined and unspecified sites of the oral cavity and pharynx showed increasing mortality rates between 1979 and 2002. The other sites showed stable trends over the period. 
DISCUSSION
Oral cancer mortality in Brazil was stable over the study period, whereas the pharyngeal cancer death rate increased. There were also different patterns of mortality in the various regions of the country. However, trends and spatial patterns in oral and pharyngeal cancer mortality should be discussed in terms of differential levels of exposure to alcohol and tobacco, as well as disparities in access to health services. The epidemiological appraisal should also consider potential differences in the quality of the reporting of deaths.
Wünsch-Filho (5) also reported stability in oral cancer mortality and a rise in the mortality rates for pharyngeal cancer in Brazil during the 1980s and the early 1990s. A study of the trends and spatial distribution of oral cancer in the city of São Paulo by Antunes et al. (14) reported stable mortality rates for oral cancer between 1980 and 1998. However, analysis by specific anatomical site found a decrease in gum cancer and lip cancer, and an increase of cancer in the unspecified parts of the mouth. In our study we found the same trends for all of these sites. Wünsch-Filho (7) has predicted that oral cancer and pharyngeal cancer will become an increasing problem in Brazil in the coming decades. However, according to our findings, death rates from oral cancer were stable when the analyzed sites were all considered together. When the sites were investigated separately, only tumors of the salivary glands and in illdefined and unspecified sites did not show statistically significant declines between 1979 and 2002. The same does not apply to pharyngeal cancer, where no sites with decreasing rates have been identified. While the Ministry of Health's Mortality Information System stands out for its wide coverage, it still has some limitations that must be considered when interpreting these mortality data (15) . These limitations are due to the inadequate completion of the death certificate, including errors in the indication of the underlying cause of death, and the underreporting of deaths, especially in places where effective medical care is poorly available. The quality of death certificates should also be mentioned as one of the factors that possibly distort the apparent mortality trends for oral cancer and pharyngeal cancer. Deaths registered as due to neoplasms of unspecified nature (code 239.9 in ICD-9, and code C80 in ICD-10) can be associated with the underreporting of oral and pharyngeal cancer cases. Several Brazilian municipalities, mainly in deprived areas in the North and the Northeast, lack adequate information on cause-specific mortality and have a high proportion of unspecified deaths (16) . Nevertheless, in Brazil overall, the percentage of deaths classified in the category of ill-defined causes has fallen systematically since the 1980s. Various deficiencies and different levels of quality still affect the system of death registration in Brazil. Some of these factors may partially explain the differences in mortality patterns among the regions of Brazil.
When analyzing the incidence of and mortality due to oral cancer in Brazil the highest rates of mortality from pharyngeal cancer were found in the South and Southeast. However, when the regions were grouped into sets, the set including the North, Northeast, and Center-West regions showed an increase in the rates of pharyngeal cancer three times greater than that found in the South and Southeast regions.
Many studies indicate a link between mortality trends and variations in the consumption of alcohol and tobacco (4, 17). Carlini-Marlatt (18) reported that there was a 74% increase in the per capita consumption of alcoholic beverages in Brazil between 1970 and the mid-1990s. The author also reported a 39% increase in the per capita cigarette consumption in the same period. In Brazil a decline in tobacco consumption only began in the 1990s. The effects of this decrease may not be seen in morbidity and mortality patterns until future decades. Further, there is ongoing concern that, in spite of the lower rates of cigarette consumption overall, smoking among younger persons may have increased (19) . The Brazilian phase of the World Health Survey found a 22.5% prevalence of smoking among males and of 14.4% among females in 2003 (20) . For alcohol consumption the prevalence was 25.0% for males and 6.0% for females. Regional differences in alcohol and tobacco consumption patterns have also been reported. The proportion of people aged between 12 and 65 years old identified as current consumers of alcohol and of tobacco is greater in the Southeast (71.0% and 43.6%, respectively) and the South (69.4% and 44.1%, respectively) than in the Northeast (68.0% and 37.4%, respectively), Center-West (60.5% and 34.0%, respectively), and North (53.0% and 33.8%, respectively) (21) .
The unfavorable epidemiologic situation with oral cancer and pharyngeal cancer in Brazil could be improved if governmental actions were taken to reduce alcohol and tobacco consumption. These initiatives could range from reducing financial support for the tobacco agribusiness and for the production of alcoholic beverages to increasing prices for cigarettes and al- coholic beverages, which rank among the lowest worldwide. These initiatives should also include restrictions on the advertising of these products and on the places where tobacco can be consumed and where alcoholic beverages can be sold. Any such measures are expected to face strong opposition from the alcohol and tobacco industries, given that Brazil has a large sugar cane (and alcohol) sector, and it is one of the world's largest producers of tobacco (19) .
Aside from the registration system and the etiological factors, another possible influence on the mortality rates from oral cancer and pharyngeal cancer are the health services that are available in Brazil. In our study, the lips and the gums were the anatomical sites with the largest reductions in mortality rates. These sites are also the ones that can be viewed most easily and thus offer the easiest identification of lesions at the time of a clinical exam. Among cancers of sites within the oral cavity, only cancer of the salivary glands and cancers of ill-defined sites did not show decreasing rates. In contrast, the pharyngeal cancer sites, which are more difficult to view, showed stable or increasing rates, with the exception of tumors of the tonsil, a region of easier access. Analyzing data from the city of São Paulo, Antunes et al. (14) also found a possible positive relationship between the decline in lip cancer and gum cancer and the increased supply of health care services.
When Matos et al. (22) studied the access that Brazilians over age 60 have to health care services, those researchers found a significant relationship between place of residence (the five regions of Brazil) and visits to the dentist. Using the South region as the reference, the odds ratio for never having had a dentist appointment was 2.32 (95% CI, 1.62-3.34) for residents of the Northeast region and 2.42 (95% CI, 1.68-3.48) for residents of the North region. This finding shows the evident deep regional inequalities affecting the access to diagnosis and treatment in Brazil.
Carvalho et al. (23) studied the influence of access to health care services on the survival of patients with oral cancer and oropharyngeal cancer in a Brazilian hospital between 1953 and 1997. After controlling for covariates, survival was found to increase throughout the study period (P < 0.001), reflecting the more widespread provision of treatment based on the combination of surgery and radiotherapy. In addition, over the period studied, there was an increase in the proportion of tumors diagnosed in the early stages of development.
Allison et al. (24) followed a group of 188 patients in Canada with head and neck cancer, and they highlighted the importance of primary health care in the early diagnosis of tumors affecting the upper aerodigestive tract. The authors also reported there was a doseresponse relationship between a delayed diagnosis and the odds of the disease having developed to an advanced stage.
The American Cancer Society (25) has pointed out the importance of access to health services in the prevention of oral cancer. That organization has also recommended an annual examination of the mouth and oropharynx for asymptomatic men and women aged more than 40 years, especially for smokers. However, meeting this need would require improvements in the health care system of the United States, where only 15% of adults 40 years of age and older have had an oral cancer examination done during their lifetime (26) . Many other studies have indicated that dental 
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professionals could contribute to the prevention and early diagnosis of oral cancer and pharyngeal cancer (27, 28) . During the period covered by our research, the Brazilian health care sector underwent extensive changes, with an expansion in health care and dental coverage by the public sector that greatly increased the proportion of the population able to receive quality health care. Changes also took place in the private sector, through private health care plans and an increase in the number of health care professionals.
Over the period analyzed in this study, ill-defined and unspecified sites in the mouth and pharynx accounted for a higher proportion of deaths and also showed an upward trend in the mortality rate. These patterns indicate that the number of cases diagnosed at an advanced stage is high, and that inaccurate entry of information on the death certificate is common. Diagnosis must occur during the initial stages of the disease in order to provide the patient a better prognosis, fewer functional problems and social consequences (such as peer rejection and a decrease in self-esteem), and a better quality of life. Earlier diagnosis also lowers the cost of treatment.
Further studies testing the hypothesis of an association between the supply of health services and lower mortality rates for oral cancer and pharyngeal cancer in Brazil are needed. Such studies could clarify the important association suggested in this study and other studies, but which has yet to be confirmed.
